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Contract/Grant Title: ~ Cluster Dynamics: Laying the Foundation for Tailoring the Design
of Cluster Assembled Nanoscale Materials

Contract/Grant #: FA9550-10-1-0071, PO1
Reporting Period: April 15,2014 — October 14, 2015
Final Accomplishments:

In order to understand the foundation for tailoring the design of cluster assembled
materials, our research continues to investigate the electronic structures of small metal clusters
and metalloids, and their role in cluster stability, reactivity, and mimicry. The final reporting
period was focused on the rare earth mimicry and the properties of clusters containing Al, B,

and Ag elements.

As an extension of our superatom concept, in the last year we have shown evidence in
rare earth mimicry. We provided direct experimental evidence that the neutral LaB and NdB
clusters have similar unpaired electrons and magnetic moments as their isovalent Nd and Eu
rare earth elements, respectively. Extension of the superatom concept into the rare earth group
will be of great importance in designing novel building blocks in the application of cluster-
assembled nanomaterials. Additionally, a new experimental strategy is proposed to significantly
increase the yield of the rare earth anions, providing the best opportunity to complete the

periodic table of the atomic anions.

Other reactivity work has focus on the energetic aluminum boride clusters. The Al;;B-
and Al 1B, clusters are found to be resistant to reactivity with O, due to their closed electronic
shell, making them potential candidates to form cluster assembled solids. Other detailed studies
were conducted during the past year have led to the discovery of C-S bond activation in the
reaction of silver cluster anions with ethanethiol, which may offer insight into the mechanism

by which ligand-protected clusters could be synthesized.
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